The Maki-e technique with eggshell powder is one of techniques of Japanese traditional Urushi (Japanese lacquer) crafts. However, this technique is relatively new in the history of Maki-e, and there are no prior researches in terms of materials, structure, and properties. In this research, therefore we have aimed to evaluate the relationship between the eggshell powder sizes, dispersion, and color shade in Maki-e with eggshell powder. The difference between hen's and quail's eggshell characteristics and the effect of their powder particle size on appearance of eggshell Maki-e were discussed on the basis of the results of the particle size, circularity, particle number, and RGB value. As a result, it was found that the occupancy of the eggshell powder on the surface depends on not particle number but the particle size, whereas the whiteness of both eggshell powders depends on the particle size.
Introduction
As the worldwide current state of Urushi (Japanese lacquer or lacquer) research as a material, polymer science and chemical analysis is main research field [1] [2] [3] [4] [5] [6] [7] [8] [9] . Archaeology and cultural assets field of Urushi are also studied positively [10] [11] [12] [13] . However, there are few research reports which are focused on the painting technique of Japanese Urushi as a craft.
Urushi crafts have been conducted as one of the traditional crafts in not only Japan but also Southeast Asia such as China and South Korea, etc. [14] , however Maki-e technique, i.e. the picture drawn by Urushi with gold and/or silver powder, is a distinctive technique in Japan.
Urushi crafts decorated with Maki-e had been expanded worldwide through East India Company in the Middle Ages, and these crafts had attracted European nobles like Maria Theresia and Marie Antoinette [15] .
Powder which is used for Maki-e is usually gold and/or silver powder. However, the dry blending powder, that is called "Kanshitsu powder", which is made by mixing the Urushi and the pigments, is used to express the color shade. It is difficult to express the white color by mixing the Urushi and the white pigment, because the Urushi is the sap obtained from Rhus verniciflua and it is not white but amber color originally. Therefore, hen's and quail's eggshell are generally used for expressing the white as a one of the Urushi crafts techniques.
Japan has an exceedingly long history in the use of Urushi for about 9000 years, whereas the eggshell technique is relatively new because it has been used for Urushi crafts since 300 or 400 years ago [16] . Nevertheless a lot of great works were produced by many craftspeople including Gonroku Matsuda and Naoji Terai [17] who were Japanese living national treasure.
In a general creative process of Maki-e with eggshell powder, the eggshell is put on the surface painted with the Urushi. In addition to this method, it is frequently used as powder by changing the particles size of the eggshell in recent years as shown in Figure 1 . This method is called "eggshell powder Maki-e" and can make it possible to express the various white degrees and impressions by changing the particle size. However, the existing studies which are focused on Maki-e are almost about the research with using gold powder. There are no prior researches and data related to the eggshell powder Maki-e. Therefore, it is very important to investigate the relationship between the powder size and the difference in vision in order to contribute to the succession of the technique of eggshell Maki-e. In this research, we demonstrate the relationship between the different kinds of eggshell, i.e. hen's and quail's eggshell characteristics and the powder size on appearance of eggshell Maki-e. The effects are discussed on the basis of the results of particle analysis, circularity, and occupancy on the surface of the eggshell Maki-e substrate.
Experimental

Materials
Hen's and quail's eggshells were used as material for this research. These materials were very normal and Urushi craftspeople generally use them. After removing inner thin skins of eggshell, those were crashed by a druggist's mortar. The eggshell powder was riddled into 6 grades by using 7 kinds of sieves dedicated to Urushi crafts. Samples were 6 kinds of a mesh count filtered powders (mono-count) and 3 kinds of the mixed powders with two types of mesh cunt filtered powder (di-counts) as shown in Table 1 .
The making process and the externals photographs of the samples are shown in Figures 2 and 3 , respectively. The each sample has the different filling rate of the powder.
Sample Preparation Methods Specifications
Pictures of samples were taken by Digital microscope (VHX-900, KEYENCE Japan, valid pixels; 1600 × 1200). These pictures were converted to 1000 × 1000 pixel data by Photoshop CS5 (Adobe Systems Incorporated). Igor Pro (6.22A, HULINKS Inc.) was used as analysis software.
Particle Size and Circularity, Particle Number
and Occupancy Measurement points are shown in Figure 4 . Each sample was divided into 25 pieces equally, and measuring points were 4 rows except no powder left row. Two points were extracted from each measurement range. Average particle number and occupancy rate of 10 points per one line were calculated. Occupancy rate was calculated by dividing occupancy area of eggshell powder by total area. A pixel equals 1.79 μm in this experiment. Calculated value was recalculated into μm because it was pixel value. Table 1 . Six mono-counts and three di-counts which were used in this experiment. 
Cross-Sectional Observation
Cross-sectional observation was done to observe the particle distance and the sinking condition of powder.
RGB Value and Value, Full Width
Half Maximum RGB value and value were measured to compare both powder colors. In addition, full width half maximum was measured to confirm if whiteness of powder depend on the particle size.
Result and Discussion
Particle Size and Circularity, Particle
Number and Occupancy
Firstly, the particle size before and after polishing was measured in order to evaluate the effect of polishing for the eggshell powder. Both eggs' average area of a particle before and after polishing the surface is shown in Figure 5 . The polygonal line in this figure shows the decrease ratio of the average area of both eggshells. The average particle size of these powers was decreased with increasing the number of the mesh counts filter, i.e. the particle size was proportional to the magnitude of the mesh holed size. The decrease ratio of the particles area in the quail's egg was increased with increasing the number of the mesh counts filter, whereas in the case of Hen's egg, the same tendency was not indicated. Therefore, it is considered that the kind of eggshell is attributed to the diffe- rence of the structure and/or materials of eggshell. Figure 6 shows the circularity of these eggshells before and after polishing. As shown in this figure, the circularity of all measured values was decreased after polishing on the surface of substrate. The decrease ratio after processing of Hen's egg was bigger than that of quail's egg. Since the eggshell was crashed with the agate mortar, the outer perimeter of eggshell fragments became the rugged shape. As a result, the circularity of these fragments is low. However, after polishing, the circularity of all measured value was also decreased, the softness of the eggshell results in the decrease of the circularity.
The number of particle and the occupancy per unit area after processing are shown in Figure 7 . In the case of both mono-and di-counts, the number of particles was increased with increasing the number of the mesh counts filter, and the occupancy was decreased with increasing the number of the mesh counts filter. In addition, the dispersion of particle number was decreased with increasing the number of the mesh counts filter, i.e. it is indicated that the dispersibility was improved with decreasing the hole size of mesh count filter. On the other hand, the occupancy of the eggshell treated with dicounts indicated the high value as compared with that of mono-count. It could be due to that the small particles filled up the gap between the large particles. Figure 8 shows the typical high magnification photo images of specimens for the different mesh cunts filter, i.e. 80 -100 and 200 -250. In general, it is noted that the interparticle distance is decreased with decreasing the particle size, whereas the occupancy of the particles on the surface is increased with increasing the number of particles. However, in this experiment, it seems that the tendency of decrease is not observed for these specimens. Therefore, it is important to define a reason for the decrease of occupancy as the number of particles was increasing. Figure 9 shows the typical cross-sectional picture of specimens for the different mesh cunts filter, i.e. 80 -100, 150 -180, and 200 -250. In this figure, A and B are corresponding to the part of eggshell powder and Urushi coating film, respectively. From the 80 -100 count pictures, it is clear that the diameter of big particle size powder is equal to or bigger than the Urushi coating film thickness. Thereby, it is considered that there is not likely accompanied by the loss of powders on the surface and the dipping of powders into the film. On the contrary, the diameter of powder size for 150 -180 and 200 -250 counts are smaller than the coating film thickness. From this point, it is considered that the number of particles on the surface was decreased with increasing the number of 
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mesh counts filter, i.e. the number of deadhead particles into the coating film was increased. Therefore, it becomes increasingly likely to lose the small particles located near surface and to decrease the area of particles by polishing. In addition, it was indicated that the occupancy of the eggshell powder on the surface depends on the particle size and the increase of the number of particles is not necessarily lead to the increase of the occupancy for a reason of hollowing between particles.
Generally, Urushi craftspeople point out the difference of the white color degree in hen's and quail's egg powder in the viewpoint of art and feeling. Although both powders are used for expressing the white color; the size and dispersion of eggshell powders on the surface gives them the different impression in the facons of products. Therefore, we tried to evaluate the color difference from the picture data. Figure 11 shows the results of RGB values of 80 -100 count for the pictures of Quail's and Hen's eggshell substrate. The brightness Y value is calculated by the following equation,
Excluding 80 -100 count, the occupancy of hen's egg powder was lower than quail's egg in mono-count. In the cross-sectional pictures, the area of hen's egg powder is less than half of quail's one. This result may be from the hen's eggshell powder characteristics. Because the hen's eggshell powder is more fragile than quail's one, this powder is broken during spreading, and then results in many very small powder on the surface. Because these very small powders enter between particles and these are lost during polishing, it is impossible to polish it not to lose powder. Therefore, powder was lost by excessive polishing. Schematic illustration of 200 -250 count before and after polishing is shown in Figure 10 . Y = 1.0000R + 4.5907G + 0.0601B [18] ( 1) where R, G, and B values are given by each color point in Figure 11 . The Y value is shown in Table 2 .
It was found that the brightness of quail's eggshell powder indicated slightly higher value than that of hen's one. The R, G, and B value of hen's eggshell powder shows almost same value in contrast to that of quail's eggshell. On the other hand, R and G value of quail's eggshell powder are slightly higher than the B value. It could be due to the inside of quail's eggshell turn brownish slightly, though the inside and the outside of hen's eggshell are white. The outside pattern of quail's eggshell is almost lost during polishing it, but this is not also lost completely. Thereby, the outside pattern can influence the RGB value. The whiteness of both eggshells was decreased with increasing the number of mesh count filter. However, it is considered that the whiteness depends on the factor excluding the occupancy, because the whiteness of material doesn't change. Then, the full width half maximum (FWHM) between the particles was measured from the waves of RGB values in Figure 11 . FWHM which was measured by 10 waves per each count is shown in Figure 12 . FWHM and the peak value show the particle width and the maximum value of each peak in Figure 12 . The maximum values of both eggshell powders were decreased with decreasing the particle size. According to statistical test of the correlation coefficient r, it is significant in significance level 0.01, if the correlation coefficient is more than 0.33 when sample number is 60. Both correlation coefficients were 0.77. Consequently, it was found that the whiteness of both eggshell powders depends on the particle size.
Conclusion
In this research, we demonstrate the relationship between the different kinds of eggshell, i.e. hen's and quail's eggshell characteristics and the powder size on appearance of eggshell Maki-e. The effects are discussed on the basis of the results of particle analysis, circularity, and occupancy on the surface of the eggshell Maki-e substrate. As results, the decrease of circularity was caused from the reason that the particle got out of shape because a part of powder was lost by polishing. Both powders' average area per one particle was decreased with increasing the number of mesh counts filter, however, the hen's egg shell powder didn't show the constant tendency in spite of the decrease ratio of quail's egg which is proportional to the particle size. It was found that the number of particle was increased with increasing the number of mesh counts filter, whereas the occupancy was decreased with decreasing the particles size in both mono-and di-counts. In addition, it was found that the occupancy depends on not particle number but a particle size. The value of quail's eggshell powder is slightly higher than that of hen's one, and R, G, and B value of the hen's eggshell powder shows almost same value, whereas R and G values of the quail's eggshell powder are a bit higher than B value. Consequently, it was indicated that the whiteness of both eggshell powders depend on the particle size as can be seen in the relationship between the FWHM and the maximum values. In the near future, this knowledge could be expected to contribute to the succession of the technique of eggshell Maki-e.
